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Abstract 
This paper represents a constative comparative study of a longitudinal type, through which we wanted to verify the evolution of 
ll, recorded with the DELSYS 
Myomonitor IV 16 channels electromyograph. The results for the average unit power, average flight height, maximum 
accomplished height, maximum accomplished unit power, maximum possible unit power, and repetition speed indicators were 
recorded and analyzed. In conclusion, the worst regress was recorded by the youngest player and the least regress by the oldest. 
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1. Introduction 
Training in volleyball is a complex process structured on training seasons and on competition seasons. The game 
result is influenced by the explosive power, by the quickness of the responses to the stimuli from the teammates and 
from the opponents. The quickness, the diversity, and the precision of the performances depend on the take-off 
power, on the action power of the segments, and on the repetition speed.  
Because volleyball is a sport with results determined by the action of the lower limbs, we decided to conduct a 
longitudinal study on three of the female members of the "Stiinta Bacau" University Club, players who performed 
the assessment drills in August 2009 and August 2011. 
The objectives we tried to attain throughout this research were represented by: knowing the evolution of the level 
of manifestation in two distinct periods (August 2009 and August 2011) of the anthropometric indexes (W, H), of 
the take-off height in the inferior limbs, of the average unit power (PU), of the average flight height (H_flight), of 
the average ground time (V_rep), of the maximum take-off height (HMax), of the maximum accomplished unit 
power (PMra), and the maximum possible unit power (PMp). 
For this we used a DELSYS Myomonitor IV 16 channels electromyograph 
(http://www.delsys.com/products/Wireless.html). Out of the 16 channels, we used 14 for the electrodes that would 
collect the values of the electrical activity in the muscles, and 2 channels for the pressure sensors to emphasize the 
contact with the floor, both data being recorded simultaneously. The EMG electrodes were positioned 7 for each leg, 
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on the main muscle groups of the thigh and calf: quadriceps femoris, vastus medialis and lateralis, biceps femoris, 
tibialis anterior, gastrocnemius, being interested especially in the relation between the biceps femoris and the 
quadriceps femoris. The pressure sensors were positioned each on one leg, on the tip of the big toe, the test being 
conducted barefooted. The said supplementary electrodes were used for explanatory purposes, for future 
developments of this research, this paper being an intermediary stage in a more ample process. With the help of the 
electromyograph we performed the Modified Miron Georgescu - 15 Test. This drill sets to determine the basic 
elements of the neuro-motor, energetic, and control skills at the level of triple extension, during a maximal force-
speed effort. It comprises 3 series of 15 jumps in place (using both legs, using only the right leg, and using only the 
left leg).  
Only the energetic aspects were objectified (the force-speed quality level), through specific parameters. The 
energetic parameters are represented by Pu - the average unit power (W/kg); H flight - the average flight height 
(m); V rep.  speed parameter (repetition speed), which represents actually the average time of ground contact 
necessary for propulsion (m/s); A-(D+S) HMax (m) - maximum height, PMr (W/kg) - the maximum 
accomplished unit power, S.PMr - the jump made with the maximum accomplished unit power, PMp (W/kg) - the 
maximum possible unit power.   
The drill is actually "a succession of jumps in place, linked between them, in which the elastic component is very 
important" (NICU A., 1993), because "the muscle is similar to a two-cycle engine... and the energy is divided to the 
whole motor cycle that comprises the contractile phase and the retaxation phase" (Vasilescu and Margineanu, 1979, 
page 80)..  
2. Hypothesis 
In professional female volleyball players, in time, due to accumulations, the values of the indicators resulted from 
the 15 vertical take-offs using both legs, and using only one leg, are improved. 
3. Research methods and techniques 
The subjects of this research were 3 National Division A female volleyball players. They were athletes aged 
between 23 and 33 in 2009, and between 25-35 in 2011, with an experience of 8 to 18 years in training, 
competitions, and assessments. 
 The research methods we used were: the study of the specialized literature, the testing method, the case study 
method, and the analysis method. For the analysis of the results, we used: the arithmetical means, the maximum 
accomplished value, the maximum possible value, and the difference between the initial and the final testing.   
This study consisted in assessment tests and the recording of the data regarding the age, anthropometric 
development (weight, height), and the 15 successive take-offs test (15 successive jumps using both legs, 15 
successive jumps using only the right leg, and 15 successive jumps using only the left leg). 
Out of the total indicators, we used for our analysis: the average unit power (PU), the average flight height 
(H_flight), the maximum flight height (HMax), the maximum accomplished power (PMr), teh maximum possible 
unit power (PMp), the repetition speed/the average ground contact time (Vrep). According to the testing 
methodology, through a statistical method called the "Romanovski method" [Constantinescu, 1980, page 33], of the 
15 take-offs the "aberrant" data is eliminated, and only 10 pairs of values are kept (flight time and ground time), 
which represent the basis for the ulterior calculation of the named indicators. 
This study was based on the comparison between the results recorded in August 2009 and the ones recorded in 
August 2011. 
4. Results of the research-analysis, interpretation 
The results of this research, found in the following tables, were recorded in 2009 and 2011.  
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4.1. Presentation and analysis of the results for the age, weight, and height indicators 
The assessment indicators, as we can see in Table 1, change their values positively only as age is concerned, 
which has increased by two years in all three players, and as weight is concerned, in TM, who has gained 3 kg. 
Outside these exceptions, the height and weight values remained the same from the first to the final testing. 
4.2. Presentation and analysis of the results for the indicators in the two-legs take-off drill, recorded by the senior 
female volleyball players 
The recording of the two-leg take-offs (Table 1) has emphasized different aspects for each of the three female 
players. 
Regarding the average unit power we can observe the following: 
- the female player TM has recorded in 2009 an average value of 4.61 W/kg body, whereas in 2011 4.87 W/kg 
body. Between the two tests the average unit power manifested in the two-legs take-off has improved with 0.26 
W/kg body, although her age has increased; 
- the female player LT has recorded in 2009 an average value of 4.64 W/kg body, whereas in 2011 4.07 W/kg 
body. In this case we can observe a drop in the average unit power in 2011 with 0.57 W/kg body; 
- the female player H.C. (B) has also recorded a decrease in the average unit power from 5.04 W/kg body in 
2009, to 4.45 W/kg body in 2011, a drop of 0.59 W/kg body. 
For the maximum accomplished power we observed that: 
- in 2009, the female player TM had a value of 5.00 W/kg body, and in 2011, 4.92 W/kg body. Between the two 
tests, the maximum accomplished power for the two-leg take-off dropped with 0.08 W/kg body.  
- in 2009, the female player LT had a value of 4.93 W/kg body, and in 2011, 4.35 W/kg body. In this case we can 
observe a drop in the maximum accomplished unit power in 2011 with 0.57 W/kg body; 
- in 2009, the female player HC (B) has also recorded a decrease in the maximum accomplished unit power from 
5.26 W/kg body in 2009, to 4.87 W/kg body in 2011, a drop of 0.39 W/kg body. 
Regarding the maximum possible power, we observed that: 
- in 2009, the female player TM had a value of 5.06 W/kg body, and in 2011, 5.04 W/kg body. Between the two 
tests, the maximum possible power value recorded during the two-legs take-off could improve with 0.26 W/kg body; 
- in 2009, the female player LT had a value of 5.09 W/kg body, and in 2011, 4.43 W/kg body. In this case we can 
observe a drop in the maximum possible power in 2011 with 0.57 W/kg body; 
- the female player H.C. (B) has also recorded a decrease in the maximum possible power from 5.38 W/kg body 
in 2009, to 5.38 W/kg body in 2011, a drop of 0.46 W/kg body. 
Regarding the average flight height (H_flight), the results are as follows: 
- the female player TM has recorded in 2009 an average value of 35 cm, and in 2011 of 33 cm. Between the two 
tests, the average take-off value has improved by 2 cm;  
- the female player LT has recorded in 2009 an average value of 27 cm, and in 2011 of 35 cm. In this case we can 
observe a drop in the take-off height in 2011 with 8 cm; 
- the female player H.C. (B) recorded also a decrease in the take-off height, from 38 cm in 2009 to 28 cm in 
2011, with a difference of 10 cm. 
Regarding the maximum flight height (HMax), the results are as follows: 
- the female player TM has recorded in 2009 an average value of 39 cm, and in 2011 of 37 cm. Between the two 
tests, the average take-off value has improved by 2 cm;  
- the female player LT has recorded in 2009 an average value of 39 cm, and in 2011 of 30 cm. In this case we can 
observe a drop in the take-off height in 2011 with 9 cm; 
- player H.C. (B) recorded also a decrease in the take-off height, from 42 cm in 2009 to 34 cm in 2011, with a 
difference of 8 cm. 
Regarding the repetition speed (V.rep), the results are as follows: 
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- the female player TM has recorded in 2009 an average value of 0.20 s, whereas in 2011, 0.19 s. Between the 
two tests, the average repetition speed value has improved by 0.01;  
- the female player LT has recorded in 2009 an average value of 0.21 s, whereas in 2011 0.18 s. In this case we 
can observe an improvement in the repetition speed in 2011 by 0.03 s; 
- the female player H.C. (B) recorded also an increase in the repetition speed by 0.05 s, from 0.20 s in 2009, to 
0.15 s in 2011. 
 
Table 1. Comparison between the indicators recorded during the two-leg take-off in 2009 and 2011 
 
N.P.  
2 legs take-off indicators 
A W H PU (W/kg.body) 
(H_flight) 
(cm) 
(HMax) 
(cm) 
PMr 
(W/kg.body) 
PMp 
(W/kg.body) 
Vrep 
(s) 
 
2011 35 1.82 70 4.87 0.35 0.37 4.92 5.04 0.19 
2009 33 1.82 67 4.61 0.33 0.39 5.00 5.06 0.20 
Difference 2 0 3 0.26 0.02 -0.02 - 0.08 -0.04 -0.01 
Percent% 5.71 0 4.28 5.33 5.71 5.40 1.62 0.39 5.26 
Lupu T. 
2011 25 1.84 76 4.07 0.27 0.30 4.35 4.43 0.18 
2009 23 1.84 76 4.64 0.35 0.39 4.93 5.09 0.21 
Difference 2 0 0 - 0.57 -0.08 -0.09 0.57 - 0.57 -0.03 
Percent% 8  0 14.00 29.62 30 13.10 12.86 16.66 
H.C. (B) 
2011 30 1.87 70 4.45 0.28 0.34 4.87 4.92 0.15 
2009 28 1.87 70 5.04 0.38 0.42 5.26 5.38 0.20 
Difference 2 0 0 -0.59 -0.10 -0.08 -0.39 -0.46 -0.05 
Percent% 6.66 0 0 13.25 37.71 23.52 8.00 9.34 33.33 
4.3. Presentation of the results for the take-off drill using only the right leg 
The recording of the right leg take-offs (Table 2) has emphasized different aspects for each of the three female 
players. 
Regarding the average unit power, we can observe that: 
- in 2009, the female player TM had a value of 2.71 W/kg body, and in 2011, 2.55 W/kg body. From the first test 
to the second, the average unit power manifested during the right leg take-off has improved with 0.16 W/kg body; 
- the female player LT has recorded in 2009 an average value of 2.71 W/kg body, whereas in 2011, 2.20 W/kg 
body. In this case we can observe a drop in the average unit power in 2011 with 0.51 W/kg body; 
- player H.C. (B) has also recorded an increase in the average unit power from 2.73 W/kg body in 2009, to 2.75 
W/kg body in 2011, with an improvement of 0.02 W/kg body. 
Regarding the maximum accomplished power (PMr), we can observe that: 
- in 2009, the female player TM had a value of 2.89 W/kg body, and in 2011, 2.69 W/kg body. Between the two 
tests, the maximum accomplished power for the right leg take-off dropped with 0.20 W/kg body.  
- in 2009, the female player LT had a value of 2.95 W/kg body, and in 2011, 2.36 W/kg body. In this case we can 
observe a drop in the maximum accomplished unit power in 2011 with 0.59 W/kg body; 
- in 2011, player HC (B) recorded also a decrease in the maximum accomplished power value by 0.10 W/kg 
body. In 2009, she had a value of 3.02 W/kg body, and in 2011, 2.92 W/kg body.  
Regarding the maximum possible power (PMp), we observed that: 
- in 2009, the female player TM had a value of 2.91 W/kg body, and in 2011, 2.71 W/kg body. Between the two 
tests, the maximum possible power value recorded during the right leg take-off improved by 0.20 W/kg body; 
- in 2009, the female player LT had a value of 3.04 W/kg body, and in 2011, 2.42 W/kg body. In this case we can 
observe a drop in the maximum possible power in 2011 with 0.62 W/kg body; 
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- the female player H.C. (B) has also recorded a decrease in the maximum possible power from 3.03 W/kg body 
in 2009, to 3.01 W/kg body in 2011, a drop of 0.02 W/kg body. 
Regarding the average flight height (H_flight), the results are as follows: 
- the female player TM recorded in 2009 and in 2011 an average value of 18 cm. Between the two tests the value 
has not changed; 
- the female player LT has recorded in 2009 an average value of 18 cm, and in 2011 of 17 cm. In this case we can 
observe a drop in the take-off height in 2011 with 1 cm; 
- the female player H.C. (B) recorded also a decrease in the take-off height, from 18 cm in 2009 to 17 cm in 
2011, with a difference of 1 cm. 
Regarding the maximum flight height (HMax), the results are as follows: 
- the female player TM has recorded in 2009 an average value of 20 cm, and in 2011 of 19 cm. Between the two 
tests, the value has dropped by 1 cm;  
- the female player LT has recorded in 2009 an average value of 23 cm, and in 2011 of 15 cm. In this case we can 
observe a drop in the take-off height in 2011 with 8 cm; 
- the female player H.C. (B) recorded also a decrease in the take-off height value, from 20 cm in 2009 to 19 cm in 
2011, with a difference of 1 cm. 
Regarding the repetition speed (Vrep.), the results are as follows: 
- the female player TM has recorded in 2009 an average value of 0.21 s, whereas in 2011, 0.32 s. Between the 
two tests, the average repetition speed value has improved by 0.03;  
- the female player LT has recorded in 2009 an average value of 0.33 s, whereas in 2011, 0.29 s. In this case we 
can observe an improvement in the repetition speed in 2011 by 0.04 s; 
- the female player H.C. (B) recorded also an increase in the repetition speed by 0.03 s, from 0.27 s in 2009, to 
0.24 s in 2011. 
 
Table 2. Comparison between the indicators recorded during the take-off using only the right leg, in 2009 and 2011 
 
N.P.  
Right leg take-off indicators 
PU 
(W/kg.body) 
(H_flight) 
(cm) 
(HMax) 
(cm) 
PMr 
(W/kg.body) 
PMp 
(W/kg.body) 
Vrep 
(s) 
 
2011 2.55 0.18 0.19 2.69 2.71 0.32 
2009 2.71 0.18 0.20 2.89 2.91 0.29 
Difference -0.16 0 -0.01 0.20 -0.20 -0.03 
Percent% 6.27 0 5.26 7.43 7.38 9.37 
Lupu T. 
2011 2.20 0.14 0.15 2.36 2.42 0.29 
2009 2.71 0.20 0.23 2.95 3.04 0.33 
Difference -0.51 -0.06 -0.08 -0.59 -0.62 -0.04 
Percent% 23.18 42.85 53.33 25 25.61 13.79 
H.C. (B) 
2011 2.75 0.17 0.19 2.92 3.01 0.24 
2009 2.73 0.18 0.20 3.02 3.03 0.27 
Difference 0.02 -0.01 -0.01 -0.10 -0.02 -0.03 
Percent% 0.71 5.88 5.26 3.42 0.66 12.5 
4.4. Presentation of the results for the take-off drill using only the left leg   
The recording of the 15 left leg take-offs (Table 3) has emphasized different aspects for each of the three female 
players. 
Regarding the average unit power, we observed that: 
- in 2009, the female player TM had a value of 2.57 W/kg body, and in 2011, of 2.41 W/kg body. Between the 
two tests, the average unit power for the left leg take-off dropped with 0.10 W/kg body. 
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- the female player LT has recorded in 2009 an average value of 2.87 W/kg body, whereas in 2011, 2.35 W/kg 
body. In this case we can observe a drop in the average unit power in 2011 with 0.52 W/kg body; 
- the female player H.C. (B) has also recorded a decrease in the average unit power from 3.10 W/kg body in 
2009, to 2.82 W/kg body in 2011, a drop of 0.28 W/kg body. 
Regarding the maximum accomplished power, we observed that: 
- in 2009, the female player TM had a value of 2.78 W/kg body, and in 2011, 2.61 W/kg body. Between the two 
tests, the maximum accomplished power for the left leg take-off dropped with 0.17 W/kg body.  
- in 2009, the female player LT had a value of 3.15 W/kg body, and in 2011, 2.48 W/kg body. In this case we can 
observe a drop in the maximum accomplished power in 2011 with 0.67 W/kg body; 
- the female player H.C. (B) has also recorded a decrease in the maximum accomplished unit power from 53.22 
W/kg body in 2009, to 2.93 W/kg body in 2011, a drop of 0.29 W/kg body. 
Regarding the maximum possible power, we observed that: 
- in 2009, the female player TM had a value of 2.80 W/kg body, and in 2011, 2.69 W/kg body. The maximum 
possible power value recorded during the left leg take-offs has decreased in 2011 by 0.11 W/kg body;  
- in 2009, the female player LT had a value of 3.20 W/kg body, and in 2011, 2.53 W/kg body. In this case we can 
observe a drop in the maximum possible power in 2011 with 0.63 W/kg body; 
- the female player H.C. (B) has also recorded a decrease in the maximum possible power from 3.32 W/kg body 
in 2009, to 3.00 W/kg body in 2011, a drop of 0.32 W/kg body. 
Regarding the average flight height (H_flight), the results are as follows: 
- the female player TM recorded in 2009 and 2011 a single value of 17 cm. Between the two tests, the average 
take-off value has not changed;  
- the female player LT has recorded in 2009 an average value of 21 cm, and in 2011 of 15 cm. In this case we can 
observe a drop in the take-off height in 2011 with 6 cm; 
- the female player H.C. (B) recorded also a decrease in the take-off height, from 22 cm in 2009 to 18 cm in 
2011, with a difference of 4 cm. 
Regarding the maximum flight height (HMax), the results are as follows: 
- the female player TM has recorded in 2009 an average value of 19 cm, and in 2011 of 19 cm. Between the two 
tests, the average take-off value has not changed;  
- the female player LT has recorded in 2009 an average value of 24 cm, and in 2011 of 17 cm. In this case we can 
observe a drop in the take-off height in 2011 by 7 cm; 
- the female player H.C. (B) recorded also a decrease in the take-off height, from 23 cm in 2009 to 20 cm in 
2011, with a difference of 3 cm. 
Regarding the repetition speed (Vrep.), the results are as follows: 
- the female player TM has recorded in 2009 an average value of 0.30 s, whereas in 2011, 0.32 s. Between the 
two tests, the average repetition speed value has improved by 0.02 s;  
- the female player LT has recorded in 2009 an average value of 0.31 s, whereas in 2011, 0.29 s. In this case we 
can observe an improvement in the repetition speed in 2011 by 0.02 s; 
- the female player H.C. (B) recorded also an increase in the repetition speed by 0.02 s, from 0.28 s in 2009, to 
0.26 s in 2011. 
 
Table 3. Comparison between the indicators recorded during the take-off using only the left leg, in 2009 and 2011 
 
N.P.  
Left leg take-off indicators 
PU 
(W/kg.body) 
(H_flight) 
(cm) 
(HMax) 
(cm) 
PMr 
(W/kg.body) 
PMp 
(W/kg.body) 
Vrep 
(s) 
T .M. 
2011 2.41 0.17 0.19 2.61 2.69 0.32 
2009 2.57 0.17 0.19 2.78 2.80 0.30 
Difference -0.10 0 0 -0.17 -0.11 -0.02 
Percent% 4.14 0 0 6.51 4.08 6.25 
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L T. 
2011 2.35 0.15 0.17 2.48 2.53 0.29 
2009 2.87 0.21 0.24 3.15 3.20 0.31 
Difference -0.52 -0.06 -0.07 -0.67 -0.63 0.02 
Percent% 22.12 40 41.17 27.01 24.90 6.89 
H.C. 
(B) 
2011 2.82 0.18 0.20 2.93 3.00 0.26 
2009 3.10 0.22 0.23 3.22 3.32 0.28 
Difference -0.28 -0.04 -0.03 -0.29 -0.32 -0.02 
Percent% 9.92 22.22 15 9.89 10.66 7.69 
5. Discussions  
After comparing the results recorded by the three female athletes in 2011 with the ones recorded in 2009, we can 
observe a decrease in almost all of the analyzed indicators. We believe that the aging process, but also maintaining 
the performance ability level might be a plausible explanation. For the two-leg take-off, TM recorded a progress of 
5.33% for the average unit power, and of 5.71% for the take-off height, while in the other indicators all the other 
contestants recorded a regress. It is interesting that in four of the six indicators, the youngest player recorded a 
bigger regress, while the oldest player recorded progress in two indicators, and a smaller regress than the other two 
players in the other drills.  
In the right leg take-offs, as we can see in Table 2, the players recorded progress only for the average unit power 
(TM, with 6.27%, and HC, with 0.71%).  In all of the other indicators we observed a decrease between 0.66% and 
53.33%. The lowest regress was recorded by the youngest players, in all of the indicators. 
In the left leg take-offs, as it can be seen in Table 3, TM recorded two stagnations, for the average take-off 
height, and the maximum take-off height. In all of the other indicators the three female players recorded a decrease 
between 4.08 % and 41.17 %. The worst regress was recorded by the youngest player and the least regress by the 
oldest. 
In 1998, Theodoru and Cooke, when verifying the constancy of the take-off values during the "30 seconds test" 
proved that over periods of 7.5 s, the average jump height and the average power are continuously decreasing, as 
well as the cm/kg body ratio (the height drops from 31.6 cm to 29.3 cm, to 27 cm, reaching a final value of 24.3 
 a group of 720 students between 7 and 18 years old, 
shows that it has average values comprised between 15.83 cm at 7 years old and 28.53 cm at 18 years old, in girls. 
After comparing this data with the one in this study, we can easily observe that the female volleyball players' flight 
height value is better, a normal aspect given the specificity of the game, but also the level of training.  
Also, in 2010, in a study conducted on 10 female volleyball players by  that had the "15 vertical two-legs 
take-offs" test as assessment drill, it was observed that the the flight height (H_flight) had an average value of 35.3 
cm, the maximum height (HMax) recorded a value of 40 cm, the average unit power (PU) had an average of 4.77 
W/kg body, the maximum accomplished unit power (PMr) had a value of 5.07 W/kg body, and the maximum 
possible unit power (PMp) had an average value of 5.19 W/kg body, all better values than the ones recorded in 
2011. After comparing the 2009 and the 2011 results, we can observe that TM is the only one who recorded better or 
closer values in all indicators, while the other two female athletes are below average. The same situation was 
observed also in the 15 left/right leg vertical take-offs drill.  
The difference in the unit power values between the two-legs jumps and the sum of the unit power recorded in 
each of the one-leg jumps, in the three athletes, shows an imbalance regarding the training, concerning a lack of 
strength, in the sense of lacking an ability, or a lack in training, both in L.T. (-0.47 W/kg) and in T. M. (-0.09 W/kg). 
We could observe a reduced reserve of increasing the take-off strength, with the exception of T.M. The results of the 
female athlete T.M. show a high degree of automation of the proper movements that can be bad or not, depending 
on the specific position she occupies during the game; this is usually unfavorable for the scoring chances positions, 
because the action can be easily anticipated by the opponent. 
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6. Conclusions 
The comparative analysis of the results recorded in 2009 and 2011 emphasized a series of aspects. 
1. We recorded a decrease in almost all of the analyzed indicators. 
2. For the two-leg take-off, TM recorded a progress of 5.33% for the average unit power, and of 5.71% for the 
take-off height, while all of the other contestants recorded a regress in the other indicators. 
3. The oldest player recorded an increase in two indicators and a smaller decrease than the other female players in 
the other indicators. 
4. The worst regress was recorded by the youngest player. 
5. This regress was between 0.66% and 53.33%. 
6. The athlete TM sets herself apart with the best lower limbs strength-speed values (4.87 W/kg). 
7. After comparing the team's 2009 performances with the ones recorded in 2011, we could observe a decrease in 
the values recorded during national and international games. 
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